Abstract: New binary lanthanum-aluminum triphosphates were synthesized by thermal-condensation method from H 3 PO 4 , La 2 O 3 and Al(OH) 3 . These pigments could be potentially used as special inorganic pigments; their corrosion-inhibition properties were widely studied. Synthesis conditions were determined on the basis of DTA and TG measurements. The products were also characterized by X-ray diffraction analysis. Physical properties -density by pycnometric method, particle size distribution, oil number and critical pigment volume concentration (CPVC), pH and specific conductivity of their aqueous extracts were also determined.
Introduction
Several researchers reported the synthesis of various forms of rare earth phosphate compounds via different methods such as wet chemical precipitation, sol-gel, hydrothermal or high temperature solid state reaction. [2] were prepared by precipitation. The synthesis conditions, crystal data as well as thermal behavior were determined. SmP 3 O 9 ·5H 2 O and similar compounds were prepared at ambient temperature by adding, drop by drop, during the night, in proper ratio, an aqueous solution of 0.1 M Na 3 P 3 O 9 to an aqueous, magnetically stirred 0.1M solution of SmCl 3 ·6H 2 O. The resulting product, insoluble in water, was separated from the liquid phase by filtration.
These compounds are unstable in air and decompose irreversibly according to the following scheme (Ln = rare earth):
This transformation occurs a year after preparation in the case of lanthanum cyclotriphosphate, but after only six months for the other prepared cyclotriphosphates [3] .
The polycrystalline samples of La 1−x Nd x P 3 O 9 ·3H 2 O have been synthesized as fluorescent materials [4] . Na 3 P 3 O 9 , NdCl 3 ·6H 2 O and La 2 O 3 were used as starting materials and precipitated in the proper ratio. Anhydrous La 1−x Nd x (PO 3 ) 3 were obtained by heating the corresponding materials.
Generally, the thermal-condensation process is widely used for the preparation of pigments based on condensed phosphates with anticorrosion behavior. The dehydration of the reaction mixture under air and the formation of the product is usually described by using thermal analysis methods [5] [6] [7] .
Aluminum triphosphates applied in paints react with iron ions from surface and create protecting non water soluble film constituted by iron triphosphates. This compound is prepared by a reaction between the aluminum hydrogenphosphate and the alkaline aluminate [8] .
In the present work we have attempted to prepare new binary Al-La triphosphates using the thermal-condensation process to obtain new pigments with anticorrosion behavior.
Experimental
Lanthanum trioxide (Bochemie, Czech Republic), aluminum hydroxide (Lachema, Czech Republic) and phosphoric acid (Lachema, Czech Republic) were used as initial materials for the preparation of compounds with the general formula of Al (x) La (1−x) P 3 O 9 . Aluminum triphosphate and lanthanum triphosphate and further compounds with different lanthanum and aluminum (x = 0.1, 0.2, 0.3, 0.4, 0.5) ratios were also prepared.
In an appropriate ratio, phosphoric acid (85wt.%) was added, drop by drop, to a highly concentrated aqueous suspension of lanthanum trioxide and aluminum hydroxide. The mixture was continuously stirred in a porcelain mortar. This semi-product was dried in a porcelain crucible and afterwards calcinated in an electric furnace at varying temperatures: 230
• C for 30 min, 350
• C for 30 min., and finally 600
• C for 120 min. The behavior of the reaction mixture and the properties of the final product were studied in detail.
The reaction conditions were controlled by a simultaneous TG-DTA [9] thermal analysis, measured by Jupiter STA 449C (Netzsch, Germany) Equipment. The dried samples of reaction mixtures were measured in fresh air in ceramic crucibles; the heating rate of 10
• C·min −1 and α -Al 2 O 3 was used as a reference material.
The soluble impurities were removed by hot distilled water, and after the samples were milled on an impact mill in a water-ethanol (1:1) environment using corundum rolls on suitable particle size. For application into paints it means range 0.2 -2 μm. The particle size distribution was evaluated using the Mastersizer 2000 MU (Malvern Ins., GB) laser diffraction system with He-Ne laser (λ = 633 nm) and a solid state light source (λ = 488 nm), the efficient sizes ranging from 0.02 to 2000μm. The retrieved signal could be evaluated by the Mie theory or Fraunhofer approximation. The samples were before measurement dispersed in a hexametaphosphate water solution using ultrasound. Results were described by medial values d 10 , d 50 , and d 90, a frequency bar chart, or cumulative curve.
Powder X-ray diffraction data of prepared samples were recorded on a diffractometer D8 Advance (Bruker AXS, GB) using the CuK α radiation and scintillation detector.
Physical-chemical properties of Al/La triphosphates were also determined following relevant technical standards. The specific weight of pigments was measured pycnometrically. The invariability of the pigment production was due to the linseed oil consumption. The calculation of CPVC (critical pigment volume concentration) values were based on the known specific weight of pigment and linseed oil consumption.
We tested corrosive decreases of steel plates in aqueous extract as our goal to evaluate Al-La triphosphates as corrosion-inhibition pigments. The determination of a corrosive decrease in the aqueous extract followed the pH and resistivity measurements. The values of pH and resistivity were measured for 28 days in a 10% pigment water suspension. The specific conductivity was determined by a conductometer and the pH value by a glass electrode (InoLab, WTW, Germany). Weighted steel plates with a nominal dimension were put into a prepared pigment aqueous suspension and measured for 28 days as well. From the obtained values the following indicators of the area and even corrosion could be determined: K m (corrosive decrease on the unit of area), U R (decrease of size), v k (corrosive speed regarding the weightless of a steel plate), v u (corrosive speed regarding the decrease of size of a steel plate).
Results and discussion
The dried reaction mixture for the preparation of Al 0.3 La 0.7 P 3 O 9 was analyzed by TG and DTA (Fig. 1 ). The TG curve shows that the formation of the pigment lattice stops by temperatures close to 600
• C. The endothermic peak at a minimum of 194
• C corresponds to the loss of water due to the dehydratation reaction. This reaction is connected to the lost mass of 23.29%. The DTA curve discloses exothermic effects of 580 • C and 611
• C without corresponding effects on the TG curve. The DTA curve of the reaction mixture for the preparation of Al 0.5 La 0.5 P 3 O 9 (Fig. 2) shows the endothermic peak at a minimum of 252 • C and the exothermic effect at a temperature of 452 • C. The first peak is also connected with the loss of water; the second peak corresponds to the crystallization and lattice formation. The total mass lost was determinate on 14.05%. The TG and DTA curves of the final product (Fig. 3) show that the prepared sample is stable up to a temperature of 1100 • C because there are no effects on the DTA curve. The mass loss of 0.24% in this case can be connected to the actual moisture. Powder X-ray diffraction analysis validates that the prepared sample, according to the initial procedure and calcinated finally by 600
• C, is a one-phase system containing only LaP 3 O 9 (Fig. 4) . The binary Al 0.3 La 0.7 P 3 O 9 (Fig. 5 ) also creates a one-phase system by previously initiated conditions. The presented results validate the potential utilization of the thermal synthesis for these types of compounds. Fig. 6 illustrates the X-ray pattern of sample Al 0.5 La 0.5 P 3 O 9 calcinated at 600 • C. Here, the sample is formed by two-phases:
Al 0.5 La 0.5 P 3 O 9 contents and second phase monazite LaPO 4 [10] . Table 1 illustrates the physical-chemical properties and pigment parameters of the prepared triphosphate: density (DIN ISO 787/10), oil absorption (DIN ISO 787/5), critical pigment volume concentration (CPVC linseedoil ) and particle size distribution. The amount of aluminum decreases the value of specific density from 3.31 to 2.90 g·cm −3 and increases the linseed oil absorption pigment from 16.54 to 21.30 g/100 g. CPVC is necessary to formulate paints as the prepared pigments are reduced from 60.11 to 57.52% with an increasing amount of aluminum. The particle size distribution is characterized by median -d 50 (Table 1 ). The particle size distribution was evaluated after 9 hours of milling in the ball mill, and the value of d 50 which ranged from 1.77 to 2.87 μm.
The value of pH in the 10% of pigment water suspensions is recorded in Fig. 7 . The samples were monitored after 1, 7, 14, 21 and 28 days. All samples show the same trend. The values of pH increased and the resulting values of all samples were very close which indicates a pH between 5.5 and 5.8. The corrosion-inhibiting pigments based on phosphates demonstrates a typical reaction between pigments and steel with a pH increases [11, 12] Table 2 presents corrosive steel plate decrease parameters in an aqueous extract with Al-La triphosphates. These values show that prepared samples by preliminary tests have quite good corrosion-inhibition properties already. Commercially produced pigments -"Heucophos ZMP" (zinc phospho-molybdate monohydrate, Heubach, Germany) and "Zincphosphate ZP 10" (zinc phosphate dihydrate, Heubach, Germany) were tested also to better evaluate and compare corrosion-inhibition properties. The best parameters are from the sample Al 0.3 La 0.7 P 3 O 9 , e.g. corrosive speed regarding the weight loss of a steel plate v k = 0.2277 g·m In many cases results from the preliminary corrosion test were better for the prepared pigment than for the "Zincphosphate ZP 10" or the comparable "Heucophos ZMP", which was a high quality pigment. 
Conclusion
New lanthanum-aluminum triphosphates were synthesized at our workplace through a thermal-condensation process. DTA and TG measurements show that the compounds Al (x) La (1−x) P 3 O 9 are formed at a temperature of 600
• C, and X-ray diffraction patterns proved the formation of triphosphate and for sample Al 0.5 La 0.5 P 3 O 9 also the formation of the monazite phase. The physical-chemical properties were determined and also the corrosion-inhibition properties of prepared samples were compared with commercial corrosion-inhibition pigments. After preliminary testing, it is possible to state that Al (x) La (1−x) P 3 O 9 have comparable corrosion-inhibition properties which are still used in commercial pigments.
